The response of weakly disordered metallic grains to Aharonov-Bohm ux suggests a rescaling in which statistical correlators become universal. We derive an exact expression for a correlator of level \velocities," and provide numerical evidence which suggests that the universality extends to a wider class of systems and generalizes to arbitrary perturbations providing a new characterization of quantum chaos. These results are applied to Fermi velocities of complex lattices.
The Wigner-Dyson distribution of level spacings 1] provides an accurate description of a variety of complex systems ranging from those with many degrees of freedom and strong interactions (e.g. atomic nuclei) to the quantum mechanical motion of particles in irregular potentials (e.g. quantum dots, disordered metallic grains). The distribution serves as a universal classi cation of quantum chaos 2]. With such correlations, the dependence on the system enters only through the mean level spacing, . Here we provide exact analytical results which suggest that the response of the energy levels, E i to an external perturbation, controlled by some parameter X 3, 5, 6] ; (1) where h i denotes a statistical average which for example can performed over a typical range of levels, and/or X. We propose that after rescaling, x = q C(0)X; i (x) = E i (X)= ; (2) the statistical properties of the random functions, i (x) are universal independent of the nature of X. The physical interpretation of C(0) as a \generalized conductance" can be found through a universal uctuation-dissipation theorem 7, 3] which can be derived for this class of system. The non-universality of C(0) prevents a more precise general de nition.
We will seek to establish this rescaling by focusing on a particular class of chaotic system in which the averaging can be performed from a statistical ensemble. For disordered systems it is possible not only to motivate the rescaling of Eq. (2) but to derive an exact expression for the autocorrelator of density of states (DOS) uctuations, from which we can determine, for example the autocorrelator of level \velocities"
The analytical expression for e c(!; x) will be checked by numerical simulation of an Anderson model of disorder, and the universality con rmed by a chaotic billiard.
If we chose the perturbation, X to be an Aharonov-Bohm ux through a ring, e c(!; x) acquires the following interpretation. The ux, acts as a quasi-periodic boundary condition, so that E i ( ) describes the dispersion of a periodic one-dimensional lattice with the open ring de ning the unit cell. Higher dimensions of the lattice, d x require the generalization to a torus with components of \ ux," ( 
We assume that 2=mv 2 L=v where v denotes the velocity of the particle on the torus, and the mean free time between collisions, is de ned through the ensemble average, hW(r)W(r 0 )i = L d (r ? r 0 )=2 (with hW(r)i = 0). This implies that the particle motion is di usive, with the classical di usion constant D = v 2 =d. (6) where the subscript u re ects unitary symmetry of the Hamiltonian. Eq. (6) which is valid for j j < 1=2, shows k( ; ) to depend only on g and .
By using Eq. (6) we nd 10],
where g is the dimensionless conductance resolved along direction . Eq. (7), which is analogous to the Thouless formula for conductance 11, 12] can be used to apply the rescaling of Eq. (2) (generalised to an arbitrary number of components), 
According to the universality, Eq. (9) should be valid for all unitary systems (broken Tinvariance). This can be veri ed for disordered metallic grains perturbed by a magnetic eld X = BL 2 = 0 when C(0) = g=3 10]. The range of x over which Eq. (9) is valid is dependent on non-universal properties of the system. For ux, breakdown of universality occurs at 1=2 (or equivalently x p g) when higher mode corrections become signi cant and ultimately recover the periodicity. More generally, we believe that the cut-o is set by x (t 0 ) ?1=2 where t 0 is of the order of the time of the shortest periodic trajectories. (10) In Fig. 1 we show e c(0; The behavior of e c(!; x) at ! 6 = 0 in d x = 1 is shown inset in Fig. 1 . e c(!; x) develops a maximum in x coinciding with the value at which an energy level typically changes by an amount !. Beyond the maximum e c(!; x) changes sign and approaches the asymptotic behavior of Eq. (11).
We compare the theory with numerical simulation of an Anderson model with on-site energies in the range ?W=2 < W i < W=2 (measured in units of the hopping matrix element), and subject to a one-component ux, X = . The conductance, g = C(0)=4 (Fig. 2) shows a W ?2 dependence consistent with the Born approximation 13].
To compare e c(!; x) with numerical simulation it is convenient to make a Gaussian regularization of the DOS. This introduces a factor exp ? 2 2 ] into the integrand of Eq. (9) and a ects e c(!; x) only at small x and !, in particular broadening the -function at the origin. The agreement of theory with experiment (shown in Fig. 3 for = 0:03) without any free parameters is striking. A simulation with magnetic eld X BL 2 = 0 is also in good agreement with theory.
To verify that the universality extends beyond disordered systems we compare measurements of e c(!; x) taken from a typical chaotic billiard (with geometry shown in Fig. 2 ). The results shown in Fig. 3 give good agreement with theory, and further demonstrates that spectral and ensemble averaging have the same e ect verifying ergodicity.
For complex crystalline lattices, it is convenient to reexpress the rescaling through the mean-square velocity v c (!; x). Approximations used in deriving k(!; x) restricts the range of momenta di erence to the Brillouin Zone. We note that the appropriate symmetry is unitary since the e ective Hamiltonian for the periodic part of the Bloch function violates T-invariance except when the total momentum is zero.
Having demonstrated that the expression for k u (!; x) leads to an accurate description of two types of chaotic system we will present an outline of its derivation. Representing k( ; ) in terms of a supersymmetric Lagrangian containing equal numbers of commuting and anticommuting elds, the interaction generated by the ensemble averaging is decoupled by a Hubbard-Stratonovitch transformation with the introduction of 8 + 2i Q i dr; (13) with the constraint Q 2 = 1. 0 represents a diagonal matrix which depends only on the upper indices with signature ( ; + ). For brevity we refer to Ref. 9] for the symmetry properties of Q together with the de nition of 3 , and the supertrace, denoted STr.
For vanishing and the transverse uctuations of all the elds in Q become Goldstone modes. The corresponding symmetry of Q belongs to the orthogonal ensemble and both di uson and Cooperon modes of di usion contribute signi cantly to the average. For 6 = 0 and = 0, the matrix 3 breaks T-reversal symmetry and the Goldstone modes corresponding to the Cooperon degrees of freedom acquire a mass. The remaining degrees of freedom belong to the unitary ensemble and are sensitive only to the ux di erence . Since is typically large we will examine uctuations of Q(r) which display only unitary symmetry.
Within the di usive regime, for j j < 1=2 the contribution from the non-zero space harmonics can be neglected 9], making the functional integrals that enter Eq. (12) de nite.
At values of ux j j 1=2 gauge invariance requires a more careful de nition of the zeromode 10] from which periodicity can be recovered. However, since this crossover is described by non-universal corrections from higher modes we will henceforth assume that j j < 1=2. The expression di ers qualitatively from the unitary case by the additional integral over 2 . This is a remnant of the Cooperonic degrees of freedom which give a non-vanishing contribution when the symmetry is orthogonal.
In conclusion we have studied the dispersion of the energy levels of quantum chaotic systems in response to an Aharonov-Bohm ux. The functional form of the autocorrelator of DOS uctuations suggest a natural rescaling in terms of the mean-level spacing and C(0) in which the dependence on detailed properties of the system is removed. The analytical results have been veri ed by numerical simulation of models with scattering from impurities (disorder), as well as from irregular boundaries (billiard), the latter suggesting that k u (!; x) is not speci c to disorder but describes a wider class of chaotic systems. In addition to k u (!; x), we have presented the universal function for the orthogonal ensemble, k o (!; x) 10]. We suggest that the universality after rescaling applies to all statistical properties of the random functions i (x), and with the same generality as the Wigner-Dyson distribution, providing a new characterization of quantum chaotic systems.
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